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Abstract 

If the cosmion. the particle proposed to solve both the solar neutrino and the dark 

matter problem. has a purely spin-dependent interaction with nuclei, it would remain 

invisible to presently existing halo particle detectors. We consider the ingredients 

necessary for building an acceptable model for a spin-dependent interacting costion, 

and propose a concrete example. This particular model introduces a new neutral gauge 

boson, lighter than the 2, which is shown to be consistent with low-nergy neutral 

current data and could be lurking in presently operating colliders. 
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Faulkner, Gilliland, Press, and Spergel [l] h ave shown that the observed deficit [Z] in the 

solar neutrino flux can be explained by postulating the presence of a new particle in the 

interior of the Sun. The effect of this weakly interacting particle - generally referred to as 

the cosmion is to transport heat away from the solar core, and thus to slightly lower its 

temperature. The solar neutrino flux, which strongly depends on the core temperature, gets 

reduced with respect to the standard prediction, in agreement with observations. 

In order to provide the correct, depletion of the neutrino flux, the cosmion should have an 

average cross section per baryon in the Sun in the range c = 10-3e-10-33 cm’ [3] and a mass 

between 2-4 GeV’ and 8 GeV. A sufficient solar concentration of cosmions can be achieved if 

the cosmion density in the neighborhood of the Sun is of the order of the halo density. This 

interesting coincidence suggests a connection between the solar neutrino and dark matter 

problem. Such an identification lurther requires that the cosmion is stable (in cosmological 

times) with a highly suppressed annihilation cross section inside the Sun, CA 5 10e4a. 

The requirements defined above (especially the need for a g somewhat larger than the 

typical weak cross section) tightly constrain the cosmion properties, and no known elemen- 

tary particle is a suitable candidate for it. Nevertheless, several authors (51 have suggested 

different extensions of the standard model in which a particle with the desired properties 

can be found. 

Caldwell et al. [6] have recently improved the limits on searches for halo particles by 

means of a Silicon detector, and have set an upper bound of about 4-6 GeV (depending 

on u) on the mass of the cosmion. Although the cosmion is not completely ruled out, the 

acceptable window in the mass range has been severely narrowed. However, it is important to 

bear in mind that the experiment of ref.[6] IS sensitive only to particles with spin-independent 

interactions; in this paper, we want to propose a new class of models, where the cosmions 

have purely spin-dependent interactions with nuclei, thus evading the present experimental 

limits. 

II. 

The most familiar example of a particle with a nuclear cross section that is purely spin- 

dependent is a Majorana fermion (S), with an effective interaction with ordinary quarks 

‘The lower bound on the cosmion mass, which corresponds to the evaporation mass in the Sun, is a 
function of the cosmion~nucleus cross section [4]. For the values of r considered in the following (u r~ 
10e3” cm*), the limit on the cosmion mass is about 4 GeV. 
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and leptons (f) of the form 

LI = c LQpr5xf&?f + Y5)f 
f di! 

In eq.(l), Al is a dimensionful parameter that measures the energy scale of the interaction 

and gf is a dimensionless coupling constant. The scattering cross section of the particle X 

in the Sun is dominated by its interaction with hydrogen. In the non-relativistic limit, the 

X-proton cross section is given by: 

CT= 1244 -yaq 2 , 
i 1 7T(m,+m,y)2 p Ai 

where the sum is over quarks; mp and m,y are the proton and X mass, and Aq is the 

component of the proton spin carried by quarks. Using the results by the EMC collaboration 

171, together with data from neutron lifetime and weak decays of hyperons, one finds: 

Au = 0.75 f 0.06 Id = -0.50 * 0.06 As = -0.22 j, 0.06 (3) 

For X to be a possible cosmion candidate, the cross section g in eq.(2) must satisfy 

Xfp 2 10-36cmZ , (4) 

where XH is the hydrogen fraction of the soiar mass (77%). Assuming that the up quark 

has the largest coupling in the four-fermion interaction of eq.(l), eq.(4) then yields: 

i\,S150GeV(I+mmjl)-1'2 (5) 

Before interpreting X as a cosmion, we have to make sure that it does not annihilate too 

rapidly either in the early Universe, thus depleting the relic abundance, or in the interior of 

the Sun, thereby preventing a solution of the solar neutrino problem. The interaction (1) 

leads to the annihilation process .YS + kf, where the non-relativistic cross section is 

iA(SS --t ff)v = g&c “‘fi 
f A3 

Y (‘3 

In eq.(6), cf is the color factor, 21 is the relative velocity of the annihilating particles (in units 

of c) and y G m$/m$. 
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In the case of annihilation inside the Sun, v is given by the average velocity of halo 

particles (2 10e3), and the rate in eq.(6) is dominated by the “s-wave” term (u = 0). 

Requiring that, inside the Sun, the annihilation cross section is strongly suppressed with 

respect to the scattering cross section, u.~(Sx’ + ff)u Y$ 10-40cm2, we obtain: 

(7) 

Therefore, eq.(7) implies that charged leptons and quarks of the second and third generation 

(if lighter than S) should necessarily have an effective interaction with X much weaker than 

the one required in eq.(S). Moreover, a limit on the effective interaction between X and the 

electron can be extracted from data on single-photon production in e+c- collisions. Using 

the analysis of ASP [8], we derive the limit A, > 270 GeV for rn.~ = 0 (or A. > 190 GeV for 

mx = 10 GeV). 

We arc therefore led to believe that the dominant S annihilation mode in the early Uni- 

verse (where the “p-wave” terms become important) is into either light quarks or neutrinos. 

An upper bound on the S relic abundance (in units of the critical density), Rx, can be 

derived by considering just the annihilation into up quarks. We estimate: 

Ilg ~ 2. 10-3’cmZ 

h= CT.@ 3: 0.2 (~s~~cv)* (F,’ (T)’ , (8) 

where h is the Hubble constant in units of 100 km s-’ Mpc-l and g~~1 is evaluated at the 

freeze-out temperature, where u2 2 3/10. Eq.(B) h s ows that the particle X can be an 

acceptable dark matter candidate, even if the energy scale A of the interaction (1) is as low 

as the one required by eq.(5), provided that the annihilation into fermion species different 

from light quarks is suppressed. 

In summary, a Majorana fermion S r’tl ~$1 L an effective coupling with quarks and leptons 

given by eq.( 1) can be a possible cosmion candidate with a purely spin-dependent interaction 

with nuclei if: i) the interaction with eit,her up or down quarks has a strength of order A 2 150 

GeV, and ii) the interactions with charged leptons and heavy quarks arc suppressed, typically 

by one order of magnitude (see eq.(7)). 

An effective int.eraction of the form (1 j can he produced by t,he exchange of new scalar 

particles or of new vector bosons. These scalar particles, necessarily colored, would produce 

large missing pi signals in high energy hadron colliders [9] and can be ruled out by the CDF 
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data from Tevatron. A new light gauge boson Z’ can be phenomenologically acceptable, 

provided its couplings to leptons are suppressed, as discussed in the next section. However, 

even if one can understand the strength of the new interaction in terms of some exotic 

particles, the different couplings to the various quark generations cause a serious problem. 

Breaking flavor symmetry at low energy naturally leads to unacceptable flavor changing 

neutral currents, which can be avoided only at the price of some peculiar fine tunings among 

parameters. Therefore, we abandon the idea of a Majorana cosmion and we turn to discuss 

the possibility of a Dirac particle. 

III. 

If the cosmion is a Dirac fermion, the bounds from annihilation can be easily relaxed by 

assuming a cosmic asymmetry (t,~) of the same order of the baryon asymmetry. Now the 

relic abundance is fixed by the value of t,~, and the ratio between luminous and dark matter 

is naturally explained, and is of order m,/m.y. Moreover, nearly no anticosmions are left it 

present, and thus no cosmion annihilation in the Sun can occur. 

In order to obtain a large spin-dependent cosmion-nucleus scattering cross section, we 

still need an effective interaction of the form (1). W e will therefore assume the existence of a 

new neutral gauge boson, typically lighter than the Z. Such a 2’ must satisfy the following 

requirements: i) it should have vanishing couplings to neutrinos and charged leptons, in order 

to be consistent with the precise measurements on low energy neutral current processes, ii) 

it should have only an axial-vector coupling to either the cosmion or to all the quarks, to 

provide the purely spin-dependent X-nucleus interaction, and iii) it should have a small 

enough mixing with the ordinary Z, or else it modifies the observed properties of the Z 

gauge boson. 

Let us now describe a specific model with an extra U(1) gauge group which satisfies all 

these requirements; we start by enlarging the standard model to include a new weak singlet 

Dirac fermion S, the cosmion. We then choose an extended Higgs sector, containing three 

weak doublets and one singlet, where the Yukaw-a interactions have the form: 

Cy = XuiiRqL’D, .t Xd&qLQd + X,e$~@e + Xx\-sRSL~~.y t h.c. (9) 

In eq.(9), summation over generation indices is understood. The quantum numbers I” of the 

new gauge interaction for ordinary left- and right&handed quarks (qL,uR,dE) and leptons 

(IL, Ed), for the cosmion (X), and for the three weak doublets (@=, @d, a=) and the one singlet 

(@px) of Higgs fields, are shown in Table 1. The values of K,, K1, Kz, and Kx in Table 1 
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are left arbitrary. Note that gauge invariance (for K1 t Kz # 0) insures that eq.(9) is the 

most general Yukawa interaction and it prevents the occurrence of tree level flavor changing 

neutral currents due to Higgs exchange. 

The mass terms for the gauge bosons are: 

cc, = c < 0’ > ;;. IGt, + ;YB, + ;yz; 
2 

<a>, 
s! 

where g” is the coupling constant of the new U(1) gauge group and the sum in eq.(lO) runs 

over the different Higgs fields +. The vacuum expectation values < @ > which preserve 

electric charge (& = 1~s) + 1’12) are: 

0 
<e,>= ( 1 c: 9d >G 

Ud 

i 1 
ae i 

we 
< >F j <~,>~V,~ 

21" 
0 

0 (11) 

By substituting eq.(ll) into eq.(lO), we obtain a charged W boson with mass m*, = g’(v:+ 

V: + vf)/2, a massless photon A z sin B\,lWs) + cos BwB, tan f&v G g’/g, and the following 

mass term for the Z E ~ cos &VW(~) + sin B,vB and Z’ gauge bosons: 

cm=~co~'~Iv(ZY z") (: ij (:) t JP 
p _ P K;v; + K;u; + 4K,;v;. s = g” Klv; - K& 

gz + g'Z v; + v; + v.” Jyqp 71; + 7Jj + v: (13) 

Notice that the mixing term 6 between Z and Z’ turns out to be small if the minimization 

of the scalar potential yields vacuum expectation values such that: 

Y!Eu”- - K2 
Vd v’ Kl (14) 

As we will show in the following, the relation (14) d oes not need to be satisfied to high ac- 

curacy (see eq.(22)) to make the model consistent with the measurements of weak processes. 

Therefore, even though we do not attempt to write down the complete scalar potential of 

the theory, we believe that eq.( 14) should not necessarily be regarded as an unnatural fine 

tuning of our model. 

In the limit of small 6, the norI-relativistic cross section for cosmion-proton scattering is: 

39’14 m;rn:;- 

c7 = 64am42, (m, + m,y)” 
K,; [KI Au + K,( Ad + As)]’ 
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Now the constraint of eq.(4) implies that the mass of the Z’ boson must be: 

Our model can account for such a light Z’ by having n. (which gives masses to Z and W, 

but not to Z’) much larger than the other vacuum expectation values in eq.(ll). 

At this stage, the model has local gauge anomalies because of the U(l) current, as is 

apparent from the I” quantum number assignment in Table 1; we are therefore forced to 

introduce new fermions in order to cancel the anomalies. Embedding the model in some grand 

unified scheme is a natural way to implement the anomaly cancellation. For instance, let us 

consider the popular 27.dimensional representation of the anomaly-free group E(6), which 

contains one family of quarks and leptons, a weak-singlet Dirac particle (interpreted as the 

cosmion), two weak-singlet color-triplet and two weak-doublet color-singlet Weyl fermions. 

There are two possiblr ways to choose a low energy extra U(l) with vanishing quantum 

numbers for charged leptons and neutrinos, corresponding to the two ways of assigning 

hypercharge to the model. The first option is the choice proposed by Ross and Segret [5], 

which corresponds to 

Kl= Kx = 1 , Kz=o , K, = -113 , (17) 

up to a.n overall normalization absorbed in g”. The second option, obtained by flipping the 

assignment of the right-handed fields, does not fall in our class of models, since it corresponds 

to a 2’ interaction which is not purely axial-vector with either S or with all quarks. 

In the case of eq.( 17), since Kz = 0, we are no longer able to set ~5 = 0 and keep non-zero 

vacuum expectation values, as in eq.(14). N evertheless, we will show in the following that 

it is still possible to have a Z-Z’ mixing small enough to be consistent with neutral current 

data, if rnz, is not too large. 

A potential problem of our model may arise because the new fermions required by 

anomaly cancellation can not be made arbitrarily heavy. In fact. their masses are protected 

by the U(1)’ symmetry which is unbroken up to very low energy scales. Eq.(16) implies a 

bound on vu, and vd which, assuming all Yukawa couplings X < a, leads to the constraint 

f Ross and SegG have considered only a cosmion with coherent interactions with nuclei. However, if the 
fields v4 and ~5, in their notation, are interpreted RS a Dirac cosmion, and the 1” quantum numbers are as 

in eq.(17), then their model coincides with ours. 
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that all new fermions required by anomaly cancellation should have a mass m < 180 GeV. 

This completes the description of the model. Now we want to study the effect of the new 

light 2’ in measurements of neutral current weak interactions and in searches for exotic 

signals in high-energy collisions. 

First, let us see how large a deviation from eq.( 14) can be tolerated. Even if the Z’ is not 

coupled to leptons, its mixing with the Z will modify the standard predictions for leptonic 

and semileptonic processes. If 6 # 0, th e weak current coupled to the Z boson is: 

.J; = g fr”( 
2 cos !9w 

cv ~ ca-rs)f 

I, 
cy -= (Zc3) - 2 sin* 0,,Q) cos S + S cos ew 

( 1 

YL + Yk sind 

9 2 

I, 
cA = zt3) cos B t ; cos ew 

( 1 

C-G sin8 
2 

(18) 

where 1~~) is the third component of isospin and (3 is the charge of the fermion f, and 

YL,R are the U(1)’ quantum numbers for the left- and right-handed components (Yt = K,, 

Y;( = Kg + K1 for up quarks, I”;. ~ ~ K,, Y; = K, + Kz for down quarks, YL = YA = 0 for 

leptons). The p-parameter, measuring the ratio between the strength of neutral and charged 

current interaction, is also modified by the Z-Z’ mixing: 

p-lE ma -l= 4 
COG tirvm; m;, - 772; 

P f O(P) (22) 

In terms of the mixing angle e and the parameter p, one can compute all the devia- 

tions from the standwd model predictions on neutral current d&at. Table 2 contains the 

expressions, in leading order in 6, for the extra contributions to the standard model parame- 

ters measured in deeps-inelastic v scattering, ale scattering, atomic parity and polarized eD 

asymmetry experiments. and to the Z properties measured by the LEP detectors. The table 

shows that, for $6 S 0.06, the existence of a Z’ as light as in eq.( 16) is consistent with the 

present experimental measurements, well within a 2~ experimental error. In turn, this limit 

t Here we are neglecting contributions from radiative corrections, and concentrate only on the effect of 
Z-Z’ mixing. 



-a- FERMILAB-Pub-90/105-T 

on S implies: 

lK+: ~ Kzv:l 
K:vZ t K;vj + 4K<;v$ - ” 

(23) 

The inequality (23) shows that, for a light Z’, the model is consistent with the measurement 

on weak processes, even if eq.( 14) 1s verified without a high degree of accuracy. Larger values 

of rnz, require that condition (14) should b e satisfied with a better accuracy. Furthermore, 

the case of the Ross-Segrk model, eq.(17), 1s a so acceptable, if v,~ is not smaller than v, and 1 

rnz8 is not too large. 

Next, we consider the detection of Z’ bosons in high-energy colliders. The Z’ can decay 

into a quark-antiquark pair with a branching ratio Bh = f/(l+f), or invisibly into cosmions, 

giving rise to a missing energy signal, with a branching ratio B, = l/(1 + f), where 

f = & [SK,” + 2(K, + KI)’ t 3(K, t K$] (24) 

In hadronic machines, the Z’ can be produced in a Drell-Yan process. The quark- 

antiquark decay mode can be detected as a bump over the QCD background in the di-jet 

invariant mass distribution. The UAl collaboration has published a limit on the product of 

the cross section with the decay branching ratio (uPB~) for production of a particle with 

mass m decaying into two hadronic jets, in the region m > 150 GeV [ll]. In absence of 

a limit for m < 150 GeV, the authors of ref.[12] have suggested a simple estimate for a 

bound on UPB~ by using UA2 data [13] for di-jet production cross section. For a particle 

with width l? < 0.1 m, they estimate apBp, Si 20 nb for m = 50 GeV and cpB,, S 10 nb 

for m = 80 GeV (at fi = 630 GeV). With the choice of parameters of eq.(li’), the cross 

section for Z’ production at fi = 630 GeV is crpBh = g”‘/g’ 3.9 nb for m = 50 GeV and 

apBh = g”z/gz . 0.9 nb for m = 80 GeV. For r > 0.1 m (i.e. g”/g > 3.1, in the case of 

eq.(17)) the resonance is broader than the experimental energy resolution and separation 

between signal and background seems much harder. No limit can be derived for m < 50 

GeV. 

The decay of the Z’ into cosmions will provide an excess of missing transverse energy in 

hadron collisions. The UAl collaboration, studying monojet events with significant missing 

transverse energy, has published a limit [14] on the number of neutrino families, N, < 10 at 

90% C.L. Even if the light Z’ will produce a missing energy spectrum softer than the one 

from Z --t UV, the UAl limit can constrain a model for which both g”/g and B, are large. In 
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addition the CDF collaboration is now performing an analysis on invisible Z decays, which 

could provide a limit on the extra Z’. 

A light Z’ could also be produced at LEP in the Z decay modes Z + Z’@ or Z + Z’y. 

In the limit of massless quarks, the decay width for Z + Z’qq is: 

4nzcxz 

( i 

2 
qz + Z’gq) = s” 

sm4 ew ~09 Bwmz 9 

[2K,2(c:, + ~$1 + K;(K, -1 2K,)(c,, - cv,“] /&@ , (25) 

A42 == i(d,d, ~~ ,d) $ + $ + 
( 1 1 2 

~(1+13-d-d,). 1 2 
Here CA and cy are the quark couplings to the 2, given in eqs.(l9-20) for 6 = 0; Ki is equal to 

K, (Kz) for up- (down-) type quarks; @ = m&/m;; d, = l-2E,/Mz, and E, (a = 1,2) are 

the energies of quark and antiquark in the Z rest frame; d4 c3) is the three-body phase space 

measure. When the Z’ decays into cosmions, the process gives the identifiable signature 

Z + jets+ ,ET. In fig.1, we show the product BR(Z + Z’qq).BR(Z’ + XX), summed over 

all quarks except the top where, for illustrative purposes, the choice of Y’ quantum numbers 

of eq.(17) is assumed. With cuts on ,ET and jet acoplanarity, the standard model background 

can be disentangled, and the signal can be observed at LEP down to Z branching ratios of 

order 10-O. Recently the ALEPH co a 11 b oration has reported a limit of about 10m4 on the 2 

branching ratio into jets and large missing transverse energy [15]. 

The process Z + Z’y is mediated by loops of quarks and of the new fermions which are 

necessary to cancel the anomalies. Summing over intermediate fermions (f) with electric 

charge Q, color factor C, and mass mf, the partial width is: 

l?(Z + Z’y) = 96*‘sin~~~~os~Biv (%)z’1~~)3(1~tB)’ 

h(a,b)=lldrll-*dy l+al-l-~-$].-~ and (28) 
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h(a,b) 2 ; for b >> a,1 h(a,b) z ~loga 
l-a 

for b << a,l. (29) 

The 2 decay into cosmions generates a highly characteristic event, free of standard model 

background, with a single photon of energy E, = mz(l - /3)/2 recoiling against missing 

energy. The contribution of light quarks in eq.(27) is suppressed in the limit mar << ma 

and the exchange of heavy fermions, which do not decouple, will typically give rates too 

small to be observed at LEP. 

Fig.2 summarizes the region of parameters g” and rnzj leading to a solution for the 

cosmion, which can be studied at LEP via the processes Z + jets+ ,&. Part of the allowed 

region of parameters could also be excluded by UAI and UA2 extending to a lower energy 

range their analysis for di-jet mass distribution and for missing transverse momentum events, 

as we have previously discussed. 

IV. 

In conclusion, we have considered the possibility of elementary particle models with a 

cosmion candidate having only a spin-dependent interaction with nuclei, and thus evad- 

ing the present experimental search. Since the cosmion should interact with matter via an 

axial-vector current, a Majorana fermion is the most natural candidate. However, the con- 

straints coming from the annihilation in the Sun and in the early Universe require that the 

cosmion should have an effective interaction with light quarks very different from the one to 

heavy quarks. Therefore, the cosmion-quark current interaction will generally lead to flavor 

changing neutral currents, making the particle models unacceptable. 

On the other hand, if the cosmion is a Dirac particle, the limits from annihilation can 

be evaded by assuming a cosmioxl-anticosmion asymmetry. We have proposed a model for 

a Dirac cosmion, which has a purely spin-dependent interaction with nuclei through a new 

light neutral gauge boson. A particular case of our model corresponds to an early proposal 

by Ross and Segr& [S], in the context of cosmions with spin-independent interactions. We 

have also found a mechanism to prevent large mixings between the Z and Z’, and have 

shown that the existence of such a light Z’ is consistent with neutral current data. The 

major difficulty with the model is the need for new heavy fermions to cancel the anomaly 

in the Z’ current. An optimistic upper limit on the masses of these new fermions (including 

the top quark) is about 180 GeV; otherwise Yukawa interactions become non-perturbative. 

Signals for the new Z’ can be discovered a,t high-energy colliders and, in particular, LEP can 

severely test our model. Small corners of parameter space, however, can survive searches at 
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LEP and other colliders, thus the direct search for spin-dependent interacting halo particles 

remains a goal of primary importance. In conclusion, the cosmion is still a viable solution 

to the solar neutrino and dark matter problem. 
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Table Captions 

Table 1. Y and Y’ quantum number assignment for left- and right-handed quarks, 

leptons and cosmion, and for the Higgs fields. 

Table 2. The table contains the expressions for the extra contributions from Z-Z’ mixing, 

at leading order in 6, to the standard model parameters, as defined by the Particle Data 

Group [IO], to the hadronic (I’h) and electronic (I’.) Z decay width and to the effective 

number of neutrino families (N,) measured from the shape of t,he Z resonance. We use the 

notation SW = sinew, cbv = cos 0~ and 0 = m&/m;. We also give the numerical values for 

these extra contributions, taking g”/g = 1, sin28w = 0.23, rnz = 90.1 GeV and fl = l/9. 

Finally, in the last column, we give the present experimental error on the standard model 

parameters, at the level of 2~ [lo]. For I’,,, I?. and Nv, we give the expected sensitivity of 

the LEP experiments, again at the level of 2~. 

Figure Captions 

Fig.1. (g/g”)2BR(Z + Z’qq) BR(Z’ ---t X-s) for Ii1 = K.,- ~= I, K2 = 0, rc, = -l/3. 

Fig.2. Values of BR, E BR(Z t Z’gq) . BR( Z’ + XX) in the g”/g - rnz, region allowed 

by the cosmion solution, for K1 = Ks = 1, KZ = 0, K, = -l/3. 
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L-.-l-E 
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44 
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di 
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c tu 

C Id 

G” - $Zd 

rh 

1 
r. 
N” 

-113 

K, t K, 

Table Table 1: 1: 

dR dR IL eR IL eR A-L A-L XR a, ‘Dd +. @px XR a, ‘Dd +. @px 

-i I -i I 

-2/3 -2/3 --I -2 --I -2 0 0 o o I I -1 -1 -1 -1 o o 

K, t Kz K, t Kz 0 0 0 0 -K.x -K.x Kx Kx K, K, Kz Kz 0 0 2Kx 2Kx 

Table 2: 

extra contribution numerical 2 r exp. 

from Z-Z’ mixing value error 

--9;+J&& -0.49 K$ 0.034 

-$+K,& -0.49 K,6 0.028 

-$+K, t K,)& -0.49 (K, + Kq)S 0.028 

-$+‘(Kz + K,)& -0.49 (Kz + K,$ 0.138 

$k+.ZKd w n1-0 0.07 K,6 0.009 

$3%(2K, Kz it Kg)& 0.07 (2K1 ~ K2 + K,)S 0.007 

(; - 2s~v)~s~ 0.09 62 0.072 

&p 1.19 6’ 0.054 

+‘(KI t 2K,)& 0.49 (K, + 2K,)6 0.142 

g;y(Kz + ZK,)& 0.49 (K2 + 2K,)6 0.128 

-$y(l - L&)(K, --. ;K,)& -0.02 (2K, - K,)6 0.74 
Gpm’ $1 
-$w[(; + ;&)rc,+ 4% 436 (1.3K, Kz+ 40 MeV 

+s&(;rc, ~ K,)]$q +2.8K,)6 Me\; 

-S(l ~ 4s& + S&)~S~ --192 6’ MeV 2 MeV 

[2( $)‘&Kf;- ~ 3(2 - ,!j’)]( &$ (1.9K.i ~~ 7.2)6* 0.1 
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